Posttraumatic stress disorder (PTSD) is a chronic, debilitating condition for which Prolonged Exposure (PE) therapy is highly efficacious. However, for some individuals, premature dropout and residual PTSD symptoms remain obstacles. The neuropeptide oxytocin is a promising candidate to enhance PE due to its ability to enhance 1) prosocial cognition and behavior, which are theorized to promote positive working alliance, and 2) extinction learning, which is the central mechanism of action underlying successful PE treatment. Despite a robust theoretical rationale, no studies to date have combined evidence-based psychotherapy for PTSD with oxytocin. This randomized, placebo-controlled, double-blind pilot trial examined the feasibility, safety, and preliminary efficacy of augmenting PE with oxytocin. Participants were 17 individuals with diverse index traumas. Participants self-administered intranasal oxytocin (40 IU) or matching placebo 45 min prior to each weekly PE therapy session. One adverse event occurred in the placebo group and three individuals dropped out (17.6%; 2 oxytocin group and 1 placebo group). The oxytocin group demonstrated lower PTSD and depression symptoms during PE, and had higher working alliance scores, although these differences did not reach statistical significance. Although preliminary, the findings support the feasibility of oxytocin combined with PE. Adequately powered studies are necessary to determine whether oxytocin enhances PE treatment outcomes and to examine potential mechanisms, such as accelerating extinction learning, enhancing early response, and preventing premature dropout. NCT03238924.
Introduction
Posttraumatic stress disorder (PTSD) is a chronic, prevalent, and debilitating disorder (Kessler et al., 2012) . If left untreated, individuals with PTSD incur risk for other psychiatric problems (e.g., depression, substance use disorder), neuropsychological impairment, suicidality, physical health problems and increased mortality, reduced resiliency, unemployment, and family/couples impairment (Marx et al., 2009; Monson et al., 2009; Pietrzak et al., 2009 Pietrzak et al., , 2011 .
Prolonged Exposure (PE; Foa et al., 2007 ) is a manualized, cognitive-behavioral therapy that is considered a "gold standard" treatment for PTSD (Institute of Medicine, 2008; The Management of Posttraumatic Stress Disorder Work Group, 2017) . PE consistently outperforms control and waitlist conditions in randomized controlled trials (Powers et al., 2010; Resick et al., 2002) and typically demonstrates robust improvement of 1-2 standard deviations in symptom severity (Eftekhari et al., 2013; Foa et al., 2005; Powers et al., 2010) . However, there is a critical need to improve retention and substantial room to improve outcomes in PE. Dropout rates are approximately 30% across populations and treatment settings (Bradley et al., 2005; Eftekhari et al., 2013; Hembree et al., 2003) and a substantial proportion of patients maintain clinically significant residual symptoms and/or continue to meet diagnostic criteria for PTSD following PE (Bradley et al., 2005; Goodson et al., 2013) .
As proposed by Olff et al. (2010) , the neuropeptide oxytocin is a promising candidate for improving retention and outcomes in PE for two reasons. First, oxytocin may enhance retention by reducing excessive distress and facilitating therapeutic alliance. Many patients struggle with distress and avoidance during treatment, and fail to receive an adequate dose of PE (Foa et al., 2005; Tuerk, 2014) . The T capacity to establish and navigate an effective working alliance is essential to maximize the benefits of behavioral intervention (Horvath and Luborsky, 1993) , and particularly integral to the success of PE (Cloitre et al., 2004; McLaughlin et al., 2014) . Extensive data indicate that oxytocin exerts prosocial properties such as enhancing affiliative behavior, trust, and warmth (Bartz and Hollander, 2006; MacDonald and MacDonald, 2010) . Interpersonal challenges and impaired relational functioning are deficits among individuals with PTSD (Beck et al., 2009) . One small laboratory study among participants with PTSD found that a single dose of oxytocin had positive effects on anxiety, irritability, mood, intensity of intrusive thoughts, and desire for social interaction (Yatzkar and Klein, 2010) .
The development of PTSD is often conceptualized as a function of Pavlovian fear conditioning (Rauch et al., 2006) , while effective fear extinction is the foundation of PE treatment (Foa and Kozak, 1986; Rothbaum and Davis, 2003; Smith et al., 2017) . Oxytocin has demonstrated the ability to enhance fear extinction in preclinical models (Eskandarian et al., 2013) and among healthy individuals (Acheson et al., 2013; Eckstein et al., 2014) . These findings suggest that oxytocin has potential as an adjunctive therapy for extinction-based PTSD treatments such as PE Olff et al., 2010) .
Some medications have been examined for the specific purpose of enhancing exposure-based treatments (de Kleine et al., 2013; Tuerk, 2014; Zoellner et al., 2017) . For example, preliminary studies investigating medications such as yohimbine and d-cycloserine to enhance treatment efficiency have shown some promise (Litz et al., 2012; Wangelin et al., 2013) . While these medications are similar to oxytocin in that they also have a short half-life and are administered prior to therapy sessions, both yohimbine and d-cycloserine are stimulating medications designed to increase within-session arousal. No medications to date have demonstrated the ability to improve patient tolerability or retention in psychotherapy for PTSD (Hetrick et al., 2010; Litz et al., 2012; Wangelin et al., 2013; Zoellner et al., 2017) . Prevailing hypotheses suggest that oxytocin may uniquely help mitigate barriers to engaging in behavioral treatments that specifically target avoidance , which would thereby allow patients who might otherwise be unable to tolerate PE to engage effectively, complete the treatment, obtain an adequate therapeutic dose, and experience longterm remission of PTSD Koch et al., 2014; Olff et al., 2010) .
While both preclinical and clinical oxytocin studies have expanded tremendously in recent years, several critical gaps in the literature remain with regard to translating oxytocin into a meaningful therapeutic application for PTSD treatment. First, no previous studies pairing oxytocin with a behavioral intervention have taken place among PTSD populations, and studies in related clinical populations have not utilized more than a single intervention session. For example, two small preliminary studies augmented a single-session exposure therapy for social anxiety (N = 25) and arachnophobia (N = 44) with only one low dose (24 IU) of oxytocin with null findings (Acheson et al., 2015; Guastella et al., 2009) . One previous study paired a dose of oxytocin with a single 20-minute therapy session among men with depression with mixed findings (MacDonald et al., 2013) . No studies to date have paired oxytocin with a manualized, evidence-supported behavioral therapy to treat PTSD. Second, only two previous studies have examined oxytocin in the context of PTSD. One study found that a single dose of oxytocin was not effective in reducing physiological reactivity during one-session exposure therapy for PTSD (Pitman et al., 1993) . A more recent study by van Zuiden and colleagues targeting the prevention of PTSD found that twice daily doses of 40 IU oxytocin for 8 days did not significantly attenuate the onset on PTSD compared to placebo among emergency department patients. However, oxytocin was more effective among individuals who had more severe baseline PTSD severity in this sample.
Finally, while some studies among patients with other psychiatric disorders (e.g., autism, alcohol use disorder) have utilized a repeated dosing strategy in the form of 1-3 daily doses, most of these studies are only 8 days or less (Dadds et al., 2014; Guastella et al., 2015; Pedersen et al., 2011) . While the overall safety of single doses of intranasal oxytocin are well established (MacDonald et al., 2011) , the feasibility, safety and efficacy of repeated dosing at weekly intervals is less clear. This pilot study addressed these gaps in the literature by examining the synergistic effects of combining oxytocin with PE using a randomized, placebo-controlled, double-blind design. We hypothesized that individuals randomized to the oxytocin condition would demonstrate significantly greater improvement in PTSD symptom severity during treatment. Because depression commonly co-occurs with PTSD, and is typically identified as an important outcome in clinical trials treating these disorders (see Stander et al., 2014 ; for review), we also examined depression symptom severity as a treatment outcome. In order to assess feasibility, we compared client satisfaction and working alliance among individuals in the oxytocin versus placebo conditions.
Material and methods

Participants
Of 36 respondents evaluated, 9 were ineligible and 10 declined participation. Reasons for declining participation included being unable to commit to weekly therapy sessions (n = 3), already engaged in another therapy that they did not want to discontinue (n = 4), not wanting to discuss their trauma (n = 1), and being uncomfortable taking a medication (n = 2). Seventeen individuals enrolled in the study and were randomized in a 1:1 manner to receive oxytocin (OT; n = 8) or placebo (n = 9) conditions as well as 10 individual, manualized PE therapy sessions. Three participants dropped out during treatment (at sessions 3, 4, and 6), and one participant was withdrawn after the first PE session and referred to more intensive clinical services. The remaining 13 participants (OT = 6) completed all 10 PE sessions. Participants were 82.4% male (n = 14) and 58.8% (n = 10) were military veterans, among whom 38.5% (n = 5) had served in the Iraq or Afghanistan conflicts. An equal number of participants were White or African American (n = 6; 35.3%, respectively), and Native American or Pacific Islander (5.9%; n = 1, respectively), while 17.6% (n = 3) identified as more than one race. Most participants were single/never married (n = 10; 58.8%) and were either unemployed (n = 6; 35.3%) or part/full-time employed (n = 8; 47.1%). Eight participants reported an index trauma related to combat exposure (47.1%), 23.5% (n = 4) reported sexual assault, and the remaining five participants endorsed transportation accidents, assault, witnessing sudden violent death, and service as a first responder in the World Trade Center attacks on September 11, 2001. All participants had achieved a minimum of 12 years of education. There were no significant differences in demographic or baseline clinical characteristics between groups (see Table 1 ).
Measures
Psychiatric diagnoses were assessed for inclusion/exclusion using the Mini International Neuropsychiatric Interview (MINI; Sheehan et al., 1998) . DSM-5 PTSD diagnosis was assessed using the Clinician Administered PTSD Scale for DSM-5 . The CAPS-5 was administered at baseline, session 5 and session 10 by trained evaluators blind to treatment condition. Weekly self-reported PTSD and depression symptoms were assessed with the PTSD Checklist for DSM-5 (PCL-5; Weathers, 2013) and Beck Depression Inventory, 2nd edition (BDI-II; Beck et al., 1996) . The Helping Alliance Questionnaire (HAQ-II; Luborsky et al., 1996) and Client Satisfaction Questionnaire (CSQ; Nguyen et al., 1983) were administered at sessions 5 and 10 to assess feasibility and acceptability. Safety was assessed by monitoring adverse events (AEs) each week.
Procedures
All study procedures were IRB-approved, and all participants provided written informed consent. Participants were recruited from treatment clinics in the community and in the Department of Veterans Affairs (VA), and with newspaper and internet advertisements. Participation was open to individuals 1) male or female; any race or ethnicity; age 18 years or older, 2) able to comprehend English and function at an intellectual level sufficient to provide informed consent and accurately complete assessment instruments, and 3) met DSM-5 diagnostic criteria for current PTSD. Participants taking psychotropic medications were required to be maintained on a stable dose for at least eight weeks before study initiation. Exclusion criteria included 1) meeting diagnostic criteria for a history of or current psychotic or bipolar affective disorders, 2) serious risk of harm to self or others, 3) meeting diagnostic criteria for a current substance use disorder, except caffeine or nicotine, 4) pregnancy or breastfeeding for women, or 5) enrollment in another PTSD treatment.
Medication
Oxytocin is a hypothalamic neuropeptide that initiates physiologic events necessary for parturition and lactation (Carter, 1992; Kendrick et al., 1992) . Intranasal oxytocin spray (40 IU) and matching placebo were compounded and dispensed by the research pharmacy, which also oversaw randomization. Participants self-administered medication in the research office, guided by trained research staff, 45 min prior to weekly PE sessions (sessions 2-9). Medication administration was observed by research staff to ensure proper procedures were followed. The dose and timing of medication administration is based on past research in our group and others (Cardoso et al., 2013; Flanagan et al., 2015; MacDonald et al., 2011) .
Study intervention
Participants received 10 individual, 90-minute weekly sessions of PE therapy (Foa et al., 2007) . Study therapists were three female Masters or Doctoral-level clinicians who received weekly supervision during the trial.
Statistical analyses
Descriptive statistics were calculated for demographic variables and baseline clinical characteristics for the two conditions. Wilcoxon ranked sum tests were used to examine changes over time in the feasibility outcomes (i.e., the CSQ and HAQ) which were collected at mid-and end-of treatment (Sessions 5 and 10, respectively). Adverse events and patient retention rates were monitored weekly throughout the study.
To assess preliminary efficacy, general linear mixed models (GLMMs) controlling for baseline values and repeated measurement effects were used to examine treatment group, time, and treatment group*time interactions. After controlling for baseline values, we also examined group differences at specific time points using appropriate linear combinations of the GLMM estimated parameters to explore group differences in the trajectory of symptom severity during treatment. Given the small sample size and pilot nature of this project, alpha was set at 0.05.
Results
Feasibility
One adverse event (i.e., chest pains) was reported during the study by a participant randomized to the placebo condition. At end of treatment, participants in both treatment conditions reported high satisfaction (oxytocin group M = 29.67, SD = 1.75; placebo group M = 28.86 SD = 2.91) and therapeutic alliance (oxytocin group M = 101.17, SD = 10.38; placebo group M = 105.57, SD = 9.62), and there were no significant between-group differences.
Preliminary efficacy
When examining group differences in treatment outcomes, the treatment group*time interactions were not significant; therefore, the interactions were removed from the models. While no statistically significant differences between groups emerged on any of the three symptom variables, the oxytocin group had a marginally lower estimated mean PCL-5 score at end of treatment as compared to the placebo group (31.0 v. 40.9, p = .09). For all three models, both baseline and time were significantly related to the outcomes, indicating that while there were no treatment group differences, scores on these instruments changed significantly over time among participants in both treatment conditions, and higher baseline values were related to higher scores at end of treatment.
When estimating between-group differences in the trajectory of symptom improvement, session 3 PCL scores showed a statistically significant group difference (OT = 30.3 vs. PL = 45.4, p = .03). As illustrated in Fig. 1 , mean scores between groups varied over time and were largely similar for all outcomes of interest.
Discussion
This exploratory pilot study was the first to pair an evidence-based psychotherapy for PTSD with weekly doses of intranasal oxytocin, which could serve to improve treatment outcomes via hypothesized mechanisms including enhanced extinction, treatment retention, and therapeutic alliance Olff et al., 2010) . Results support the safety, feasibility, and preliminary efficacy of augmenting PE with weekly doses of oxytocin in a sample of individuals who were diverse with respect to trauma exposure, race and ethnicity, and veteran vs. non-veteran status. Only one adverse event, which occurred in the placebo group, was reported. Participants in both the oxytocin and placebo conditions showed good retention in treatment compared to previous PE trials, improved symptom severity during treatment, and reported high treatment satisfaction. While statistically significant J.C. Flanagan et al. Journal of Psychiatric Research 98 (2018) 64-69 group differences in treatment outcomes were limited, results demonstrate that participants randomized to the oxytocin condition reported consistently lower symptom severity despite similar baseline PTSD symptom severity. These preliminary findings support the rationale for a larger randomized controlled trial to assess the efficacy of oxytocin for enhancing PE outcomes. In addition to consistently lower PTSD and depression symptom severity, oxytocin was associated with significantly lower PTSD symptom severity at session 3. Previous trials of therapy-enhancing medications for PTSD have similarly shown medication-related differential trajectories of improvement (Difede et al., 2014; Zoellner et al., 2017) . One recent trial found that exposure therapy for PTSD combined with methylene blue was associated with accelerated recovery in later sessions and overall more reliable change. The authors attributed the non-linear effects to methylene blue-facilitated fear expression in early sessions and extinction in later sessions, thus proposing that methylene blue may be more effectively paired with later therapy sessions. A similar pattern was shown in healthy individuals administered oxytocin after fear conditioning: participants showed increased fear expression during early-stage extinction and then facilitated decline of physiological distress at the late stage of extinction (Eckstein et al., 2014) . Participants in the current study self-administered oxytocin starting in session 2, a design selected so that oxytocin would coincide with exposure sessions of PE based on extinction being the hypothesized target of oxytocin; the differential symptom severity at session 3 supports this hypothesis. Future research is necessary to assess oxytocin's ability to facilitate fear extinction specifically compared to placebo or other therapy enhancers, and the efficacy of utilizing oxytocin at specific timepoints in conjunction with behavioral interventions. This information will be useful to maximize oxytocin's utility among patients with PTSD including identifying patients (such as those with higher baseline PTSD symptom severity) who might benefit more from oxytocin treatment.
It is possible that limiting the medication only to sessions 2-9 led to a missed opportunity for potential beneficial effects on therapeutic alliance-another potential mechanism of action in oxytocin-enhanced psychotherapy (Olff et al., 2010) . This is a particularly important consideration because existing literature suggests that the rapport in PE is critical (Keller et al., 2010; McLaughlin et al., 2014) . However, oxytocin effects have also been shown to be moderated by context (ShamayTsoory and Abu-Akel, 2016) . Individuals with PTSD often perceive their environments as threatening and experience distrust of others (Ehlers and Clark, 2000) . It is possible that administering oxytocin after providers and patients have had opportunities to develop rapport is more effective than earlier administration, when the salience-enhancing effects of oxytocin could potentially be harmful.
Although the present study did not employ neuroimaging to examine indicators of treatment response, an additional potential treatment mechanism that could be enhanced by oxytocin is connectivity within the emotion regulation network . Dysregulation of prefrontal cortex-amygdala connectivity is a salient correlate of PTSD (Pitman et al., 2012; Sripada et al., 2012; Woodward et al., 2006) , and evidence suggests that oxytocin mitigates prefrontal cortexamygdala dysregulation in healthy samples (Sripada et al., 2013) and in individuals with PTSD . Oxytocin may thus further promote the changes in prefrontal cortex function that has been observed in individuals who have undergone PE (Fonzo et al., in press ). Additional studies testing the effects of oxytocin on mechanisms of J.C. Flanagan et al. Journal of Psychiatric Research 98 (2018) 64-69 PTSD treatment outcomes in PTSD patients are critical, as are investigations of biomarkers of oxytocin response. The primary limitation of this study is the small sample size. This study was not designed or sufficiently powered to adequately examine between-group differences in treatment outcomes. Our limited ability to detect medication effects was also coupled with a high level of effectiveness of the intervention. Larger randomized controlled trials of PE similarly show large effects, but have also revealed a subset of patients who show limited or no benefit (Jonas et al., 2013) . Future studies of oxytocin-enhanced PE should be powered to examine not only group differences in outcome, but also moderators of oxytocin effects. Such findings could inform precision medicine approaches to treating PTSD. For example, previous research has shown that oxytocin effects can vary as a function of emotion regulation skills (Quirin et al., 2011) , social context history of childhood maltreatment (Ebert et al., 2013; Flanagan et al., 2015) , and sex (Ditzen et al., 2012; Rilling et al., 2014) . It is therefore possible that there are subpopulations of individuals with PTSD who might derive more benefit from oxytocin-enhanced treatment, as has been the case for other therapy enhancers like d-cycloserine and methylene blue. For example, previous studies suggest that d-cycloserine enhances responses to PE among patients who have more severe symptoms at baseline (de Kleine et al., 2012) and who exhibit within-session extinction learning (Rothbaum et al., 2014) , while methylene blue effects have been shown to be moderated by baseline working memory (Zoellner et al., 2017) . Taken together, these findings suggest that various therapy enhancers may be better suited to some patients than others. Future research can assess whether oxytocin may be best suited, for example, for patients who are most at-risk for PE dropout. Although some studies have found no relationship between patient-therapist gender match and psychotherapy retention or outcome (Shiner et al., 2017; Sterling et al., 1998) , adequately powered studies should consider examining this factor (Fujino et al., 1994; Greenfield et al., 2007; Wintersteen et al., 2005) , particularly in light of the role that sex plays in oxytocin response in preclinical and laboratory studies.
Finally, future studies could consider daily dosing of oxytocin rather than weekly dosing to maximize potential therapeutic effects, particularly if oxytocin administration could be linked to specific treatment mechanisms. For example, investigators may wish to study whether patients' self-administration of oxytocin before daily in vivo exposure exercises maximizes outcomes, guided again by the premise that oxytocin enhances extinction learning. Safety and feasibility of daily dosing has been demonstrated in other human OT studies including those with alcohol-dependent patients (Pedersen et al., 2013) , patients with schizophrenia (Pedersen et al., 2011) and individuals with trauma exposure .
In conclusion, this pilot study illustrated the feasibility, safety and preliminary efficacy of oxytocin-enhanced PE for PTSD. The findings inform future methodological approaches for adequately powered randomized controlled trials. Oxytocin could enhance early treatment response via promoting extinction learning and/or enhance retention in treatment via its anxiolytic and prosocial properties. Adequately powered studies that can effectively detect medication effects, assess mechanisms of action, and test moderating variables to identify sub-groups for whom oxytocin may be most effective as an adjunctive treatment for PTSD are needed.
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